Introduction ▼
Inguinal hernia is the most common condition in childhood requiring surgery. Repair in an elective setting carries a low risk and has good results with minimal complications. However, while waiting for elective repair, the child is at risk of developing incarceration, transforming a safe elective procedure into a more emergent one, requiring manual reduction and urgent repair [1, 2] . Incarceration is also associated with other signifi cant morbidities, including testicular or ovarian infarction and atrophy, bowel obstruction and strangulation, wound infection and recurrence [3, 4] Purpose: The management of Incarcerated Inguinal Hernia (IIH) in children is challenging and may be associated with complications. We aimed to compare the outcomes of laparoscopic vs. open repair of IIH. Methods: With institutional ethical approval (09SG13), we reviewed the notes of 63 consecutive children who were admitted to a single hospital with the diagnosis of IIH between 2000 and 2008. Data are reported as median (range). Groups were compared by chi-squared or t-tests as appropriate. Results: • Open repair (n = 35): There were 21 children with right and 14 with left IIH. 2 patients also had contralateral reducible inguinal hernia. Small bowel resection was required in 2 children.
• Laparoscopic repair (n = 28): All children had unilateral IIH (19 right sided, 9 left sided). 15 children (54 % ) with no clinical evidence of contralateral hernia, had contralateral patent processus vaginalis at laparoscopy, which was also repaired. The groups were similar with regard to gender, age at surgery, history of prematurity, interval between admission and surgery, and proportion of patients with successful preoperative manual reduction. However, the duration of operation was longer in the laparoscopy group (p = 0.01). Time to full feeds and length of hospital stay were similar in both groups. Postoperative follow-up was 3.5 months (1 -36), which was similar in both groups. 5 patients in the group undergoing open repair had serious complications: 1 vas transaction, 1 acquired undescended testis, 2 testicular atrophy and 1 recurrence. The laparoscopic group had a single recurrence. Conclusion: Open repair of incarcerated inguinal hernia is associated with serious complications. The laparoscopic technique appears safe, avoids the diffi cult dissection of an oedematous sac in the groin, allows inspection of the reduced hernia content and permits the repair of a contralateral patent processus vaginalis if present.
physical examination by a consultant paediatric surgeon. Data collected included weight, age, gender, history of prematurity, unilaterality or bilaterality of the hernia, type of repair (open or laparoscopic), duration of operation, operator level (consultant or trainee), presence of contralateral Patent Processus Vaginalis (PPV), time to full feeds, length of hospital stay, and postoperative complications. After confi rmation of the diagnosis, manual reduction was attempted. This was done under sedation according to the preference of the assessor. After reduction, all the children underwent surgical repair of the hernia using either laparoscopic or open methods. The type of operation depended on the surgeon ' s preference. The practice was to wait at least 24 h after manual reduction before undertaking surgery. In the cases where manual reduction was not successful, the hernia was repaired urgently.
Open inguinal hernia repair
A skin crease is made above and lateral to the pubic tubercle. The external oblique fascia is opened in the direction of the fi bres. The hernial sac is freed from the vas and testicular vessels in males, or from the round ligament in females. The sac is opened to inspect and reduce content not successfully reduced preoperatively. The sac is twisted, ligated at the level of the internal inguinal ring with 1 or 2 stitches, and divided. The contralateral side is explored if there is evidence of a contralateral hernia or hydrocoele. 1 surgeon had a preference for routine exploration of the contralateral side in IIH.
Laparoscopic inguinal hernia repair
A Hasson cannula is inserted peri-umbilically using an open technique. Pneumoperitoneum is created. A 3 mm telescope is introduced; 3 mm instruments (needle driver, atraumatic forceps) are inserted in the right and left fl anks without insertion of ports. The hernial orifi ce is inspected and any content reduced. The previously incarcerated viscera are inspected. The open internal ring on the same side of the hernia is closed with a purse-string or Z-type suture of non-absorbable material. The forceps elevate the peritoneum so the stitch is applied carefully, avoiding the vas and the vessels. The contralateral ring is inspected and considered patent when it is wider than the tip of the 3 mm forceps. A patent ring is closed as above. Statistical analysis was done using SPSS 16.0 software and GraphPad Prism 4. Data are reported as median and range. Groups were compared by chi-squared, during outpatient follow-up: 2 patients had testicular atrophy, 1 patient had an acquired high testis for which an orchiopexy was done 6 months after the initial hernia repair, and 1 patient had a recurrence on the same side as the incarceration 4 months after repair. In the laparoscopic group, there was only 1 (4 % ) serious complication, an inguinal hernia recurrence. This presented 5 months postoperatively and was repaired laparoscopically. There were no wound infections seen in either group.
Discussion ▼ This study indicates that incarcerated hernia can be repaired using both open and laparoscopic procedures. The laparoscopic technique appears to off er more advantages compared to the open technique and should be considered, provided that the surgeon is experienced in operative laparoscopy. Incarceration of an inguinal hernia poses unique challenges for the management of a common condition that is otherwise straightforward and low risk. The presence of an oedematous sac with ill-defi ned tissue planes can be a pitfall for even the most experienced of surgeons. IIH have notoriously been associated with an array of morbidities including vas and vascular injury, small bowel strangulation and testicular atrophy. Laparoscopic hernia repair is now being adopted in many centres. Schier et al. reported a multicentre series that concluded that laparoscopic repair is safe with a recurrence rate of 3 % [7] . Chan et al. compared laparoscopic and open paediatric inguinal hernia repair in a prospective randomised single-blind trial [8] . They concluded that patients who had laparoscopic repair had less pain, a faster recovery and a better wound cosmesis. However, the duration of procedure was longer with laparoscopic repair of unilateral inguinal hernias. This eff ect was lost in bilateral repairs.
As surgeons gained experience with laparoscopic hernia repair, it became inevitable that this technique would be employed in the management of IIH. A small number of studies have advocated its use [5, 6] . In our study, both the open and laparoscopic groups were similar in age, gender distribution and history of prematurity. However, the weight of patients in the open group was lower, possibly refl ecting a greater reluctance among surgeons to employ the relatively newer laparoscopic technique in smaller patients who were anticipated to have more diffi cult procedures. We did notice a distinct shift in trend during the duration of the study, with more open procedures done in the earlier part of the study period and more laparoscopic repairs in the later period. More than half of the patients in the laparoscopic group (n = 15, 54 % ) were found to have a contralateral PPV, which was repaired at the same time. This is a distinct and oft-cited advantage of laparoscopic hernia repair [9, 10] . It allows inspection of the contralateral side and concomitant repair, avoids the need for repeated anaesthesia, and prevents a potentially hazardous incarceration of the contralateral side without creating an additional surgical wound [11] . 7 patients (including 2 patients with clinical bilateral inguinal hernia) in the open group had a contralateral PPV which was also repaired. These were done by a consultant whose preferred practice was routine open exploration of the contralateral side.
In our study, we also noticed that more laparoscopic procedures were done by consultants compared to open procedures which were more likely to be done by trainees. This was probably a refl ection of the diffi culty that was anticipated in carrying out a laparoscopic procedure for IIH. The duration of the operation was longer in the laparoscopic group. This is consistent with other reports [6, 8] . There were some other theoretical advantages of laparoscopic surgery that were not observed in our patients. While Koivusalo et al. reported a shorter waiting time for surgery after manual reduction for laparoscopic repair compared to open procedures, we did not observe any diff erence between the groups [6] . Similarly there was no diff erence in the postoperative recovery as assessed by time to full feeds and length of hospital stay, and the reported benefi ts of quicker recovery and shorter hospital stay in patients undergoing laparoscopic surgery were not seen [5, 8] .
When we looked at serious complications post repair, there were 5 (14 % ) in the open group and only 1 (4 % ) in the laparoscopic group. Although this did not reach statistical signifi cance, these results seem to indicate a trend towards more severe morbidities after open surgery. We might expect that avoiding a diffi cult dissection in the groin, and operating under the superior magnifi cation of a laparoscope, would greatly reduce the incidence of vas and vascular injury. Testicular atrophy and acquired high testis would also be avoided. However, these advantages should be carefully balanced against the theoretical risk of visceral injury during port and instrument insertion in laparoscopy.
A critical confounding factor is that more laparoscopic repairs were done by consultants compared to the open procedures group. To eliminate this bias which is inevitable in a retrospective study, a prospective randomised controlled trial should be performed comparing laparoscopic vs. open repair of IIH. Weighted minimisation for treatment allocation will be performed so that the experience of the operating surgeon will be equally distributed among the 2 study groups as previously done in other trials comparing open and laparoscopic surgery in children [12] .
In conclusion, laparoscopic repair of incarcerated inguinal hernia appears safe. It may be associated with fewer serious complications compared to open hernia repair. It avoids the diffi cult dissection of an oedematous sac in the groin, allows inspection of reduced hernia content and permits the repair of a contralateral patent processus vaginalis if present. 
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